In this paper, we present a technique for automatic color image inpainting, the art of modifying an image-region in a non-detectable form. The main algorithm is based on the theory of projections onto convex sets (POCS). The image and its wavelet transform are prqiected onto each other after applying suitable constraints in each domain. This technique exploits the frequency-spatial representation provided by wavelets and utilizes the correlation between the damaged area in the image and its neighborhood. The resulting restored a n a is homogeneous with its surrounding and preserves the aesthetics of the image. The same technique is used for simple video restoration problems. Video frames are stacked and treated as a 3-D volume, making a natural use of inter-frame correlation.
In recent years there has been a great amount of use of the visual media for commercial and entertainment purposes. This has lead to an increasing emphasis on restoration of old film archives and photographs. With wireless networking and data exchange becoming the 'in-thing' today, the need for an automatic and fast technique to restore image blocks lost during transmission, is becoming more and more hard-felt. Film post-production, also involves a lot of image inpainting for removal of artifacts and to generate stunning visual effects. This task is conventionally performed manually, requiring time and skill. These problems have motivated us to search for automatic techniques for still-image and video inpainting.
Many useful techniques to address the afore mentioned scenarios have been proposed in recent years, e.g. 
ALGORITHM
In this paper, we try to exploit the multi-resolution property of wavelets, whereby, we can dispense with the human operator required in case of [I I]. This algorithm also works for larger lost blocks.
In the technique proposed by Hirani and Totsuka [I I], a human operator takes a look at the neighborhood of the lost block and decides upon the best matching neighborhood which later acts as the prototype window. In our algorithm, wavelets perform this very task, automatically and considerably fast. The basic assumption when restoring any lost image block is that the lost block contained a continuation of data that surrounds it. Wavelets, make it easy to determine the frequency content of the neighborhood. We put frequency domain constraints on the lost block, based upon the frequency content of its neighborhood in the wavelet domain. The spatial domain constraints help us to get a valid image from the inverse wavelet transforni. In addition, we also make sure that there is no discontinuity at the border of the newly inpainted area. 
U.S.

:Constraints in the image domain to get pixel values
The resolution of the image dictates the number of wavelet decomposition levels that can be used. The wavelet 'approximation' in the last level of the decomposition is considered to be the DC level and is left unaltered, in order to maintain the overall brightness of the image. For every wavelet coefficient corresponding to the lost or damaged pixel, we find the maximum and minimum of the wavelet coefficients in the known neighborhood, The coefficient corresponding to the lost or damaged pixel is then constrained to he between these maximum and minimum values. We call this the constraint C,. This constrained wavelet decomposition is then projected onto the image domain (P,;). The known pixels in the neighborhood are restored to their original value and the newly grown pixels in the region of inpainting are constrained (Ci) to get a valid image (In+l). The constraints in this algorithm preserve known pixel values and enforce hand-limits in the wavelet domain, based upon the coefficients in the neighborhood. This can be thought of as maldng the least possible change to the image in the signal and transform domain such that it satisfies the above mentioned criteria (a),@) and (c).
IMPLEMENTATION AND RESULTS
The results shown, have heen generated using 'Wavelet Toolbox' in MATLAB. The algorithm is applied separately on each color channel and the results are combined to get a color image. It should he noted that this does not result in appearance of previously non-existent colors in the image. The algorithm usually converges in less than 25 iterations. On a Pentium 11, 400 MHz machine, it takes less than 5 minutes to get the inpainted color image. We have used the simple 'Daubechies One' (dbl) wavelet for our implementation. Note that in order to improve the results on textured areas, other decompositions can be used, e.g., the steerable pyramid [ 101. The image on the left in Fig. 1 , shows some objects placed on a pool table, while the image on the right shows the inpainted image with the pouring arm of the teapot and the red ball removed. Notice how the curve in the shape of the tea-pot is preserved, and the texture generated in place of the red ball is homogeneous with its surrounding. In Fig.2 , the occupants of the boat and the boy on the shore are removed. Fig.3 illustrates the behavior of our algorithm on random textures. For inpainting a video sequence, we select the object or artifact to be removed in each frame and then stack the frames as a 3-D volume. The damaged areas in each frame are then considered to he a hole in the 3-D volume. We then apply our algorithm, and use the 3-D Wavelet Transform and its inverse for the projections onto transform and image domains respectively. The results for video inpainting can be viewed at : uutw ece. imin. erlu/users/keral/ci~~OO3~cip~est~lts. If tin.
CONCLUSION AND FUTURE SCOPE
We have demonstrated the effectiveness of using POCS theory in conjunction with wavelets for image restoration. A particular wavelet hasis and a projection constraint has been used to illustrate the ideas. The results can be significantly improved using, for example, steerable pyramids and vectorial constraints. This algorithm is automatic and considerably fast. It works well with color images and on relatively large areas of data loss. This algorithm can be used for structure as well as texture inpainting, provided, both can be characterized in the wavelet domain. The speed of this algorithm makes it a possible candidate for restoring images corrupted due to transmission over fading channels. An important application of this algorithm can he in film post production for removing anifacts. It can also he used for restoring old films and photographs. We have got encouraging results when implementing the same algorithm for video inpainting using 3-D wavelets. In conjunction with optical flow data, ow algorithm could he a promising technique for video inpainting. 
